A combined high-resolution ͑6 meV͒ HeI photoelectron ͑PE͒ and ab initio theoretical study of the A 2 ⌺ ϩ ion system of HI and DI has been conducted to elucidate the origin of a peculiar ''holelike'' feature in the vibrational distribution found in the high-resolution ͑6 meV͒ threshold photoelectron ͑TPE͒ spectrum of HI. The PE and TPE spectra were found to yield essentially identical results. Ab initio potential energy curves for the low-lying cationic states of HI have been calculated for the first time with and without spin-orbit contributions included. It has been found that the diabatic A 2 ⌺ ϩ state of HI ϩ is strongly predissociated due to spin-orbit coupling with the 4 ⌺ Ϫ , 2 ⌺ Ϫ , and 4 ⌸ repulsive states leading to a complex set of adiabatic curves. It is shown that the adiabatic A 2 ⌺ 1/2 ϩ state is only slightly bound ͑by 260 cm Ϫ1 after suitable adjustments of the positions of the various repulsive potentials relative to that of the A state are made based on observed atomic spectral data͒ and should support at most one vibrational level in both HI ϩ and DI ϩ . However, using the complex rotational method, it was possible to calculate the energies, predissociation linewidths, and rotational constants of a number of nonstationary vibrational levels ͑or resonances͒ of the A 2 ⌺ 1/2 ϩ state. Reasonably good agreement has been found between experiment and theory. The observed ''hole'' in the TPE and PE spectra is attributed to the fact that the stability of the v ϩ ϭ1 and 2 levels is notably less than for v ϩ ϭ0 in the A 2 ⌺ 1/2 ϩ state of both HI ϩ and DI ϩ .
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I. INTRODUCTION
Recently the results of a high-resolution ͑6 meV͒ threshold photoelectron spectroscopic ͑TPES͒ study of HI appeared in which a progression of fairly well resolved vibrational bands was found for the first time in the A 2 ⌺ ϩ system of HI ϩ . 1 
II. EXPERIMENT
The photoelectron spectrometer used in these studies has been reported on in full detail elsewhere, 2,3 so only a brief description will be given here. tensity and narrow linewidth is produced in a microwavepowered electron cyclotron resonance source, and upon exiting the source is dispersed by a specially built monochromator that removes all resonance lines except the He I ␣ line of energy 21.2182 eV used in this study. In these experiments the photon beam intersected an effusive sample gas stream at 90°to each other at a point directly in front of the entrance to a lens system used to focus the kinetically energetic electrons onto the entrance slit of a double focusing hemispherical analyzer that was operated in a constant pass energy mode. The energy-analyzed electrons were detected using a microchannel plate system coupled to a phosphor screen and a charge-coupled device camera. The HI sample gas was commercially obtained. It was degassed at liquid nitrogen temperature to remove any hydrogen gas that accumulated in the lecture bottle due to decomposition of HI on the walls of the bottle. DI was prepared in situ on the gas inlet system of the apparatus by dehydrating a 53 wt % solution of DI in D 2 O using solid P 2 O 5 . This solution was obtained from Aldrich Chemical Co., Inc., Milwaukee, WI.
III. COMPUTATIONAL METHOD
In the present theoretical treatment, the ⌳-S contracted spin-orbit configuration interaction method is employed to obtain potential energy curves for the ground and lowest excited states of the HI ϩ ion. In this approach, a relatively small number of ⌳ -S states are calculated at first, while spin-orbit coupling between them is included at the next stage to obtain the final ⍀ states ͑for more details see Refs. 4 and 5͒. The core electrons of the I atom are described by a RECP given by LaJohn et al., 6 with only the 5s and 5p electrons treated explicitly via basis functions. The (6s7p3d1 f ) fully uncontracted basis set employed for the I atom is adapted from the all-electron Gaussian Cartesian set of Glukhovtsev et al. 7 and is described in more detail in Ref. 8 . The atomic orbital basis for the hydrogen atom is the (7s3p)/͓5s3p͔ set from Ref. 9 augmented by one d (1.00) polarization function. All calculations are carried out in the C 2v point group. The standard multireference single-and double-excitation CI approach ͑MRDCI͒ is used to obtain the ⌳ -S electronic energies. The calculations have been carried out employing the Table Direct 
IV. EXPERIMENTAL RESULTS
The He I PE spectra of HI and DI covering the electronic band system of the A 2 ⌺ ϩ cationic state are shown in Fig. 1 at a resolution of 6 meV. In the upper panel the He I PE spectrum of HI is compared directly with the TPE spectrum of HI at the identical resolution of 6 meV. 1 As can be seen, the two spectra are very similar in their features, even to the unusual vibrational band shapes, where the peaks appear to broaden to higher binding energy and then narrow toward the maximum in the electronic-state band system. We take this maximum in the band system to indicate the onset of the dissociation continuum of this state. the vibrational distribution, identified in our previous paper on the TPES of HI as the energy position of a ''missing'' vibrational band. 1 Actually, this position corresponds to a slight peak within the ''hole'' best seen in the TPE spectrum. The v ϩ ϭ3 member in the identified progression is substantially shifted in energy from the v ϩ ϭ1 member. This energy spacing is also much larger than the spacings observed between all other members of the vibrational progression. This suggests that another member of the progression is also ''missing. '' In the lower panel of Fig. 1 He I PE spectra of DI are shown at two different resolutions. These spectra show the same peculiar ''hole'' in the vibrational progression as found in the He I PE and TPE spectra of HI, but, except for the first peak, the vibrational bands of the observed progression are less well defined. This is most likely due to the smaller vibrational constant expected of the deuterated isotopomer, but the effect of enhanced predissociation coupling in DI ϩ cannot be ruled out at this point. The higher resolution ͑4 meV͒ PE spectrum does show slightly sharper features, especially noticeable in the first vibrational peak. The vibrational progression ladder ͑Expt.͒ given in the lower panel of Fig. 1 was drawn to coincide with the positions of the peak maxima structure, except for the position of the second member that was placed at the bottom of the ''hole'' in the distribution by analogy with the HI PE and TPE spectra.
In an attempt to estimate the widths of the peak structure identified in Fig. 1 for both HI ϩ and DI ϩ , we performed simple Franck-Condon simulation calculations using Morse potential functions for the ground and cationic states of HI/ DI. In order to simulate the overall spectra satisfactorily we had to use a composite potential for the cationic state made up of two simple Morse potentials, while for the ground state we used a single Morse potential. The generated FranckCondon factors were then fitted by Gaussian functions yielding the peak widths ͓full width at half maximum ͑FWHM͔͒ given in Table I together with the measured peak energy positions and energy separations.
V. THEORETICAL RESULTS
Potential energy curves calculated without including spin-orbit coupling are shown in Fig. 2 4 ) state, which arises from the bonding to the lone-pair electron excitation. This requires notably less energy and the A 2 ⌺ ϩ state is fairly strongly bound at the ⌳ -S level of treatment ͑by ϳ1.0 eV͒ due to its convergence to the second H( 2 S)ϩI
The final potential energy curves for ⍀ states obtained including spin-orbit coupling are shown in Fig. 3 . The X 2 ⌸ ground state is now split into the ⍀ϭ1/2 and 3/2 components, with the latter being the lower one. For the X 2 ⌸ 3/2 state, e ϭ2160 cm Ϫ1 and r e ϭ1.625 Å are obtained, which is in good agreement with estimates of 2170 cm Ϫ1 and 1.620 Å, made on the basis of the experimental data for lighter isovalent systems, 13 as well as with the earlier theoretical results. 14, 15 The calculated X 2 ⌸ splitting is 5276 cm Ϫ1 , which also agrees well with the experimental value 13 of 5400 cm
Ϫ1
. The X 2 ⌸ 3/2 dissociation energy is computed to be 3.161 eV, which is 0.094 eVϭ760 cm Ϫ1 lower than the experimental result, 13 . Altogether, the above-mentioned spectroscopic data indicate reasonable accuracy for the present ab initio treatment, although the slight overestimation of the ⌬E ( 1 DϪ 3 P) energy difference may be of critical importance for the A 2 ⌺ ϩ properties. As can be seen from Fig. 3 Tables I and II for HI ϩ and DI ϩ , respectively, and will be discussed in more detail in Sec. VI. Based on these results, vibrational progression ladders ͑Calc/ case A͒ are given in the upper and lower panels of Fig. 1 by aligning the v ϩ ϭ0 energy values for HI ϩ and DI ϩ , respectively, with the experimental binding energies.
VI. DISCUSSION
From a comparison of the 800 cm Ϫ1 shifted data ͑case A in Tables I and II͒ ͒ derived from analysis of the HI He I PE spectrum given in Fig. 1 compared with the calculated energy positions (E v ϩ) , a energy separations (⌬E v ϩ) , predissociation linewidths (⌫ v ϩ) and rotational constants (B v ϩ) ͑in cm and DI ϩ are in reasonably good agreement, while the predissociation linewidths are calculated to be broader ͑see Tables I and II͒ than found experimentally ͑see Fig. 1 and Tables I  and II͒ . However, we note that the estimates of the experimental peak widths ͑described earlier͒ may be in error by as much as Ϯ25% for v ϩ у1, whereas the widths of the v ϩ ϭ0 peaks for HI ϩ and DI ϩ should be reasonably accurate ͑Ϯ2%͒. The calculated widths become more difficult to calculate accurately for the v ϩ у2 levels because of uncertainties in the locations and nonadiabatic couplings in this energy region. It is also not clear how well the complex rotational method performs for such large widths in a multichannel environment. Table I͒ . This means that the tunneling probability for the v ϩ ϭ0 level is calculated to be too high, indicating that the barrier to dissociation is lower and/or narrower than it should be. In addition, the apparent ''hole'' in the He I PE spectra of HI and DI ͑see Fig. 1͒ , where the v ϩ ϭ1 and 2 bands appear to be ''missing,'' still requires explanation. A strong drop in the B v ϩ rotational constant value from v ϩ ϭ0 to 1 may provide a possible basis for explaining this unusual spectral feature.
To which causes an increase in the PE spectral intensity with v ϩ quantum number. This is especially obvious for the DI ϩ case ͑see the lower panel in Fig. 1͒ , where the intensities for ionization to levels v ϩ ϭ0 and 8 differ by almost a factor of 5, which is consistent with the computed FC factors discussed earlier. ͒ derived from analyses of the DI He I PE spectra given in Fig. 1 compared with the calculated energy positions (E v ϩ) 
VII. SUMMARY
High-resolution HeI photoelectron spectra of HI and DI have been measured and found to be in good agreement with the TPES data obtained earlier. Vibrational levels of the A 2 ⌺ ϩ state are strongly predissociated and both the HeI PE and TPE spectra show a peculiar ''hole'' at energies where the v ϩ ϭ1 and 2 levels should be located. Spin-orbit CI calculations of the excited states of the HI and DI cations have been carried out for the first time and the complex rotation method is employed on this basis to obtain energies and predissociation linewidths of the vibrational levels of the A 2 ⌺ 1/2 ϩ state. The calculated and experimental data are shown to be in reasonably good agreement with each other and the present theoretical analysis, in particular with the slightly adjusted data, provides an explanation of the main features of the observed spectra. Based on the shallowness of the depth of the adiabatic potential energy curve for the A 2 ⌺ 1/2 ϩ state of HI ϩ and DI ϩ and the calculated predissociation linewidths of the associated vibrational levels ͑or resonances͒, it is unlikely that fluorescence would be observed from this state, and to our knowledge, none has been reported to date. 
